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This unit is divided into two parts. The first part ‘covel"s the initial
discussion about the CAT starting engine. The second part completes
our discussion of b_rakes'and their components. |

I --CATERPILLAR STARTING.(PONEY)' ENGINE (PART I) .

SECTION A -- GENERAL DESCRIPTION

The CAT starting engine is of the two cylinder, four cycle, gasoline
operated type. It has a magneto ignition system (self contained and dpes
not depend upon a battery for electrical power). The starting engine
cooling system is combined with the diesel engine, and also takes its .
supply of lubricating oil from the diesel, but is separated by a check

* valve arrangement to prevent both engines pumping o0il to the starting
engine at the same time.

Besides cranking the diesel engine, it warms the circulating water and
lubricating oil. The starting engine exhaust line is piped through the
inlet manifold of the diesel engine and warms the intake air to promate
easy starting in cold weather.

A bellows is incorporated in the center of the exhaust tube assembly to
permit expansion. Each end of the exhaust tube is sealed with a bushing
and retainers to minimize the possibility of starting engine exhaust gases,
dust or dirt entering the diesel engine through the inlet manifold.

. The type discussed in this unit is a vertical 2 3/8" bore and 2 3/8" stroke
used on the CAT engines Model D330 and Model D833. . .

The cylinder bilock, crankcase, clutch, and brake compartment are
included in a single casting. A dry-type air cleaner and down-draft
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carburetor mount on an elbow which is cast as part of the cylinder head.
The starter pinion and clutch engaging lever is moved to the right for
brake and pinion engagement and then to the left to engage the clutch.

The starter pinion and clutch cover bolted to the end of the cylinder block
has an extension which contains the pinion. A helical ring gear is used
-on the diesel engine flywheel with the gasoline starting engine. Coolant
is circulated through the starting engine from the diesel engine. A
recoil starter and magneto are positioned at the front of the engine. A

12 volt electrical starter motor usually is used in place of the recoil
starter.

With the recoil starter removed, you can see the crankshaft drive gear.
The ‘teeth on the outer circumference of this gear are for the electric
starter. The bolt in the center of the gear accommodates the recoil
starter latches. | |

When the recoil starter cable is pulled out, latches in the sheave of the
starter engage the bolt and rotate the crankshaft.

When the engine starts or the cable is released, the latches disengage
and the cable automatically rewinds. ' '

The magneto is driven off the end of the camshaft at one-half engine
speed. Whenever the magneto is installed, the front or No. 1 piston
should be at top center on the compression stroke. Install the magneto
" with the timing marks aligned (matched). The No. 1 spark plug wire
goes in the top receptacle of the magneto cap.

'On the back of the crankshaft drive gear is a smaller gear and a sprockef.
The sprocket drives the camshaft through the link- -type chain. The.
smaller gear meshes with the drives and oil pump gear. The oil will be
covered later. ~ |
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With the carburetor removed, you can see the location of the governor
spring. To the left of the spring is the adjusting screw and locknuts.
To the right, the spring is attached to a lever which is bolted to the,

. . governor fork shaft A rod connects the outer end of this lever to the

carburetor throttle valve. If the engine is to be completely d1sassemb1ed
be sure to identify the governor spring, since there is another spring

in the clutch and plmon control which looks qu1te hke the governor sprmg,
and they could be 1nterchanged through error.

The magneto dr1ve couphng is keyed to the camsha.ft Immediately |
behind the drive coupling is the governor. The governor fork which
is pinned to a vertical shaft in the timing chain housing, is posntloned
between the governor and the drive coupling.

The governor consists of a sprocket or carrier, four balls whi,ch are |
positioned in slots of this carrier, and a saucer shaped retainer. . As the
engine speed increases, these balls move outward in the slots due to
centrifugal force, push the retainer against the fork, and counteract
governor spring tension.

As mentioned earlier, the starting engine oil pump is driven by the small
gear located immediately behind the part of the crankshaft gear. The

oil pump is accessible after removing its drive gear. Itis a two section
gear-type pump with a ball and 'spring relief valve. The valve is not
adjustable.

Unlike the older type, the vertical starting engme draws its oil from the
diesel engme crankcase. ‘When the startmg engme 1s operatmg, one
section of the oil pump draws oil from the diesel engine crankcase through
one of the external lines. The other section of the oil pump scavenges

oil from the startmg engine oil sump and returns it tc the diesel engine
crankcase through an exterlor tube. ‘Pressure 011 is then supphed to

the t1m1ng chain compartment to the camshaft crankshaft and to the
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starting pinion and clutch compartment.

When the diesel engine is running and the starting engine is stOpped‘
pressure oil from the diesel engine pump will open a check valve dnd supply

“oil throughout the starting engine lubrication system. When the startmg

engine is running, oil from the diesel engine pump cannot’ enter ‘the ° |
starting engine. Oil pressure from the starting engine oil" pump, p‘lus“'
pressure from the check valve spring, is sufficient to kéep the valve
closed. An opening is provided in the starting engine sump for oil pumped
into the starting engine by the diesel eng1ne to dram back to the d1ese1
eng1ne crankcase.

Overhead valves are used and the valves, along with the rockér arm

assemblies, are contained within the cylinder head. The cylinder head can
be removed with the starting engine in piace when it hecomes necessary ;
to service the valves Forty five degree angle valves are used T ’

Steel backed aluminum bearings are used in the connecting rods. ' They ' - |

can be serviced through the bottom of the cylinder block. Bearings in '
both standard and . 020" undersize are available.

SECTION B -- OPERATION

The brake, starter pinion and clutch are controlled by one single hand
lever. As the lever is moved to the right, the clutch is d1sengaged and
the brake is applied. Continued movement to the right engages the N
starter pinion with the diesel engine flywheel. The lever is then moved
all the way back to the left for clutch engagement

Figure 1 shows the relative position of the clutch: and starter pinion a
assemblies. The automotive type spring engaged clutch at the lower

SEA L S S AT I, DT R T
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right is driven by the the crankshaft flywheel. The gear at the lower left
" is splined to the clutch shaft and drives an idler. positioned immediately
above it. The idler meshes with the starter pinion drive gear which
rotates the starter pinion shaft and pinion through an overrunning clutch.
The overrunning clutch, located between the hub of the starter pinion
drive gear and shaft, will be described later.

Figure 2 shows when the control lever is moved to apply the brake and
engage the pinion, a yoke which fits around the sliding collar assembly

‘at point "A" moves the collar to the left, as shown by the arrows. Attached
to the sliding collar is the release bearing, and as the collar is moved to
the left, the release. bearmg contacts the three release levers at "B'" and
disengages the clutch. Continued movement of the collar against the
stationary brake”s‘tops rotation of the clutch shaft.

Figure 3 shows. how, after the brake is applied, continued movement of
~ the contml lever engages the starter pinion by lever action, at "A'",
against the end of the inner starter pinion shaft. As the shaft and pinion
'is moved to the left the plunger in the rotating carrier latches the inner
| shaft and holds the starter pinion in engagement with the flywheel ring
gear. As the diesel engine starts, centrifugal force will overcome the
- plunger sprmg and unlatch the inner shaft, allowing the pinion to disengage.

Figure 4 shows the release yoke positioned. Remember,the yoke forces
‘the flange of the sliding collar against the stationary brake shown in the
cover at the right, Directly behind the brake is the idler, which transfers
power from the drive gear on the end of the clutch shaft in the center of
the picture to the starter pinion gear, shown in the right in the top

portion of the cover. |

In Figure 5, a section of the s'upport bracket has been cut away to show.
the starter pinion engaging lever, This lever contacts the end of the
starter pinion shaft, which can be seen at the right. A bronze bearing
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pressed into the bracke% supports the innei shaft.

In Figure 6, the clutch assembly has been removed from the flyWheel.

At the left in this picture is the clutch cover plate with the three engaging
springs. This plate is bolted to the flywheel, a part of which can be seen
at the right inside the housing. : |

Next to the cover plate is the pressure plate wmch, like tne center driving
disc, meshes with the teeth on the flywheel; see Figure 7. There are two
lined driven discs which are splined to the clutch shaft, one on each side
of the center drive disc. The inside face of the flywheel also serves as

a pressure plate.

The overrunning clutch (see Figure 8) as menticiied previously, is
positioned between the starter pinion shaft and thé hib of the drive gear.

It prevents overspeeding of the starter engine by the diesel engine while
the starter pinion is disengaging. It also dllows thé starter pinion to break
away more quickly from the flywheel ring gear. As long as the drive

gear and pinion shaft are turning at the sdriée Sﬁééﬂ; this clutch is locked
or engaged. If the starter pinion shaft is turned by the diesel engine
faster than the drive gear, the clutch will unlock The plmon shaft w111
then turn or speed free and independent of its drive gear.

Figure 9 shows the drive gear removed from thé pinion shaft and you
can see the overrunning clutch located inside the hub of the gear. Shown
at the bottom, the clutch consists of an outer aiid ifiher ring with the
"sprags'' positioned in these two rings by a center retainer.

In Figure 10 the "sprags' are machined so dimension "A'' is greater

than "B". When the starting engine is rotating tlie clutch through the
drive gear, the outer diameters of the "'sprags'’ di'é f6rced to the left
or counterclockwise.
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Figure 10

The greater diameter of the'sprags', or diameter "A", then locdk'the"
gear and shaft together, and the gear drives the shaft and starter pinion.

When the diesel engine starts, (see Figure 11) it imparts the greater
turning force on the shaft, and the inner diameter of the sprags are o
forced to the left. As the greater diameter of the sprags are now forced
away from the gear and shaft, the shaft can speed up independently of the
gear speed. This action prevents overspeeding of the gear and starting
engine. The action just described is very mucn like an autamobile
electrical starting motor with an overrunning clutch, or Bendix drive
unit. See Service Manual for adjustments on clutch, brake, and starter
pinion contrels, shown in Figure 11. | | ‘

10
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Figure 11

SECTION -- COMBUSTION SPACE AND VALVE ARRANGEMENT |
. (STARTING ENGINES) z

VALVE ARRANGEMENT -- The inteke and exhaust valves in an engine
can be arranged in various positions in the cylinder head or block. These
arrangements are termed "L", "T", "I", and "'F". The L, I, and F have
been used in automotive engines.

et o -

Y SO

Sy

In the L-head arrangement the combustion chamber and the cylinder
form an inverted L.. The intake and exhaust valves are located side by
side with all valves for the engine arranged in one line (exéept for V-8
L-head engines, which are in two lines). This arrangement permits the |
-, use of one camshaft to operate all the valves. Since the valve mechanisms ]
] are in the block, removal of the cylinder head for major nverhaul of the 1
- engine is relatively easy. However, in the opinion of many automotive

engineers, the L-head engine, while rngged and dependable, is not

particularly adapted to higher-compression engines. One reason is

s
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that the valves require a certain minimum space to move up into when
they open. This space, plus the minimum clearance required above

the top of the piston, determines the minimum possible clearance volume
(volume with piston at TDC top dead center). Since the clearance
volume cannot be decreased below this minimum, there is a limit to

how much the compression ratio of this engine can be increased.

Remember that compression ratio is the ratio between the volume at
(BDC) bottom dead center and the clearance volume, or volume at (TDC).
On the other hand, the overhead valve engine (I-head) engine is more
adaptable to higher compression ratios, as explained in the following
paragraphs.

In the I-head, or overhead valve, engine, the valves are carried in the
cylinder head. In in-line engines, the valves are in a single row. In
V-8 engines, the valves may be arranged in a single row in each bank,
or they may be placed in a double row in each bank. Regardless of the
arrangement, a single camshaft actuates all valves, with valve lifters,
push rods and rocker arms carrying the motion from the cams to the
valves.

CAUSE OF KNOCKING -- During normal burning of fuel in the combustion
chamber, the spark at the spark plug starts the burning process. A

wall of flame spreads out in all direction from the spark (moving outward
almost like a rubber balloon being blown up). The wall of flame travels
rapidly outward through the compressed mixture until all the charge is
burned The speed with which the flame travels is called the "rate of

| flame propagation. The movement of the flame wall through the
combustmn chamber during normal combustion is shown in the row of
plctures to the left in Figure 12.. During combustion the pressure
increases to several hundred (pounds per square inch). It may exceed
700 in some high compression engines.

12
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3 Fig. 12 Flame movement

If the flame travels too rapidly through the mixture (rate of flame
propagation is too high), the pressure will increase too rapidly. The
effect will be as shown to the right in Figure 12. The rapid pressure

{ increase, and the excessive pressure reached, cause the last of the
,_ charge to detonate, or to explode with hammer-like suddenness. The
) effect is almost the same as if the piston head had been struck a heavy

, , hammer blow. In fact, it sounds as though this had happened. The
' sudden shock load due to detonation of the last part of the charge in-
’ creases wear on bearings and may actually break engine parts if the

‘ 13
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knocking is severe enough.

Now, let's see why the last of the charge detonates. The rapid pressure
increase, and the excessive pressure reached, raise the temperature of

the unburned part of the charge. This is due to heat of compression.

The high pressure reached, and the high temperatures resulting from the
consequent heat of compression, cause the last of ‘the charge to explode.

To sum up, engine knocking results from the following: The spark occurs,
and combustion starts.. But the charge begins tc burn too rapidly (rate

of flame propagation too high). Pressures go up excessively, and this
produces excessive heat of compression in the remaining unburned charge.
Then, before the flame wall can reach this unburned charge, it is set

off by the heat of compression. |

COMPRESS$ION'RATIO VERSUS KNOCKING -- As the compression ratios
of engines have gone up s S50 also has the tendency for engines to knock.
Here is the reason: With a higher compression ratio, the mixture, at
TDC, is more highly compressed and is at a higher initial temperature.
With higher initial pressure and temperature, the temperature at which
detoration ocgurs is sooner reached. Thus, high compression engines
have a greater tendency to knock. However, special fuels have been
developed for use with the higher compression engines. These special
fuels have a greater resistance to being set off suddenly by heat of compres-
sion. They are less apt to explode suddenly, and they depend for their
ignition upon the wall of flame traveling through the air-fuel mixture.

FACTORS AFFEC TING KNOCKING -- Many mechanical factors in an
engine affect knocking. For example, higher air temperatures increase
the tendency to knock; higher humidity (or damper air) as well as h1gher
altitudes (or lower density air) reduce the tendency to knock; engine
deposits (carbon in combustion chamber) increase knock tendency;
advancing the spark increases the tendency to knock; and leaning the

14
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mixture increases the tendency of the engine to knock.

All these factors point up the need for good maintenance of the modern
engine. Accumulations of scale in the cooling system, which reduce
cooling system efficiency, clogged fuel lines or nozzles in the carburetor,
which lean out the mixture, improper ignition timing, engine deposits,

all of these increase knccking tendencies of the engine.

PART II -- LEARNING ABOUT BRAKES (PART II)

SECTION A -- TYPES OF BRAKES

DISK BRAKES -- The disk, or caliper, brake has a metal disk instead
of a drum and a pair of pads instead of brake shoes. The two pads are
located on the two sides of the disk, see Figure 13.

In operation, the pads are forced against the disk by hydraulic or air
pressure. The pads, in effect, grip the disk, retarding the movement
of the disk and providing braking.

Advantages - Disk brakes are more effective than the drum type because
of greater heat dissipation capabilities, despite the larger friction area
being utilized. The pad area touches both sides of the disk, and more pads
-can be utilized around the disk if required. Also, the gripping is done at
the outermost perimeter of the disk, not at its axis.

BRAKING THROUGH ELECTRIC RETARDERS -- On some very heavy
off-highway equipment vehicles, power for running is obtained by using
DC motors attached to each rear wheel. Two such vehicles are the
LeLourneau-Westinghouse Haulpak truck and the Unit Rig Lectra-Haul
truck. - Power for running the DC motors is obtained from a generator,
which in turn is driven by a diesel engine.

15
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HYDRAULIC
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When current is being sent to each DC motor naturally power is obtained

to turn the rear wheels. However, when the operator decelerates and
.-current no longer flows to the DC motors, but the motors still turn

due to momentum of the truck, the motors then react as generators.

When DC motors are acted upon in this manner, they work against
themselves, trying to retard movement, thus giving a braking effect.

As an example of the effectiveness of this particular retarder system,
the braking factor involved here is capable of safely controlling a 105 ton ve-
hicle at 13. 5 mph on a 10% down grade.

ADDITIONAL BRAKES -- In addition to the retarder brake system, '
these two vehicles come equipped with Rockwell Standard air over

The latter system is used by many truck manufacturers,
(Mack, Euclid, etc.) but this system only, not the retarder system.




AM 1-27

Air over hydraulic actuation is accomplished by power packs which
convert air to hydraulic pressure and multiply the force. This, in turn,
is accomplished by reacting the system air pressure against a large area
piston which has a small diameter rod attached. This rod reacts against
the hydraulic brake oil, mﬁltiplying the total force produced.

Multiplication further occurs at the dual wheel cylinders, where the
hydraulic brake oil reacts against two pistons. These pistons, in turn,
actuate wedges which force the brake shoes against the drum.

The dual wheel cylinders and wedge actuators produce balanced shoe
pressure, utilizing 100% of the braking force as compared to the 70%
ordinarily utilized in a cam-type actuacted system. This also results

in uniform shoe wear across the face of the lining, rendering uniform brak-
ing effort. On Rockweli Standard braking systems, there is a self-
adjusting feature which compensates for shoe wear.

OTHER FEATURES - ‘Some trucks are equipped with emergency relay
valves which provide protection against low systein air pressure by
automatically applying the service brakes when main air pressure drops be-
low a pre-determined point. :

Still another feature found on certain vehicles is the road condition valve
which provides proper front and rear wheel braking forces for variable
road conditions. A dash mounted switch selects proper system balance
for dry or slippery conditions.

SECTION B -- DOUBLE ACTUATED DRUM BRAKES

As you recall in the last unit (AM 1-26), we discussed drum brakes
which were of the single actuated type. Figure 14 shows the double

. actuated type, where equal pressure is applied to both sides of the shoes
by pistons.
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Fig. 14 Double actuated brake .

:

This concludes the brief discussion on vehicle brakes. More about
servicing and maintenance of brake systems will be covered in later

units.
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CATERPILLAR DIESEL STARTING ENGINE

Kuman Engineering Minn, State Dept. of Ed,

Institute Vocational Education
Press A / Check to see that timer is OFF,
1
_ i
‘l‘ll'.l‘.w.mu‘.l.llllI lllllllllllllllllllllllllllllllllllll.l.ll.l‘
2

The sturtin

'he g engines on most CATERPILLAR Diesel
Engines are

two cylinder, four c¥cle, gasoline
oFerateq..apd huve "magneto" ignition systems.
The definition in the text for a "magneto"

ignition system is a g

\. battery powered, self contained
electrical system
> B. self contained battery powered.

electrical ignition system

self contained and does not depend.
upon a hattery for electrical power

-

S SUR Y UV SO

FILM NO. 1515982

‘This film is designed to supplement Units No. ?
AM 1-27 & AM 1-28 class text, maintaining the
starting-engine ~-- CATERPILLAR Diesel Engine,

- edi——

The f£ilm will be divided into sections, each
covering systems and components of the starting
engine, lubrication, cooling, ignition, etc...

Press A <

e -

No; the text states a "magneto" ignition
system is self contained and does not depend
upon a battery for electrical power. It
generates its own electrical power as it
rotates. The "magneto" will be covered in
more detalil later in the unit,

Press A ?(

Stsssnsnnnnnnensnnninnnnsnnns L L L P Y L L e e L YNy L L Y P IYY  I T e  T]

o
OK. The starting engine cooling system is
comhined with thg digsel en'ine% ﬁow is the
lubrication system in the s arting eungine
Pﬂé‘ﬂﬁf“s compared to other systems in the

« A, The starting engine hus its own |
lubrication system and does not de-
L peud on the diesel engine for lubrication. ,
B. The startin

r engine takes its su
of luhricut?ng 311 from the diesgfly
enfnwg hut is separated by a check
valve.

There is one

C

common system and both

engines pump to the starting en ine
. utgthe sgmeptime with no de%rimgntul
effocts, 1
. G

Ok, DBesides cranking the diesel engine, the
sturting engine does other things as well,

Two more important functions of the starting
engline are

e 7\

hesides cranking the diesel engine,
it warme the circulating water and
lubricating oil

the starting engine oxhaust line runs
through theginlgt menifold of the

dlesef engine and warms the intake air
to promote cusy starting in cold weather

hoth "AY and "B" are correct

8
et

No, the starting engine lubrication system is
combined with the diesel engine, but is
geparated by a check valve arrangement to
prevent both engines pumping oil to the
starting engine at the same time.

‘pregs A G .

!
t
|
i
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7

No; not only does the starting engine

circulate the water and oil through the
diesel engine and warms it, but is 3lgo wurms
the inlet air to promote easy starting in cold
weather.

¢

Press A for another look at the question
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\ ; OK. How is the inlet air for the diesel engine
] ! pre-heated by the starting engine exhaust?

; 7 A. The exhaust is allowed to blow on the

: inlet manifold of the diesel engine.

C? B. The exhaust from the starpin% engine is

: directed to the inlet manifold of the
diesel engine hefore starting is attempted,
then the startln%.englne exhaust is
direcied to a muffler after it has been
determined that the diesel en%1ne inlet
m%ni{old is warm enough to attempt a
start. .

i'O C. The starting engine exhaust line runs
3 through the inlet manifold of the diesel
: engine and warms the intake air to
| ! promote easy starting, 1
il ;
. .nnunu-;‘uw-tnn-"- [TYT 1) [ ITYTTT] [IITT]] (11111}
/ ©

Ok, Since it is agreed that the starving
engine exhaust line runs through the diesel
engine inlet manifold, what feature in the
system allows for expansion caused by the
temperature difference encountered?

Il A

!
|
i

The exhaust tube and inlet manifold

are made of a special material that
expands in equal amounts and the assembly
is stress relieved; expansion is no
problemn,

A bellows is incorporated in the center
of the exhaust tube assembly to permit
expansion.

Neither of the ahove "A" or "B" is
correct, 1

S A A DR

2 B,

JFUSRIPU

.

N .
LU ITT Y IT]
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Ok. The starting engine discussed in this unit
is a vertical 2 ' bore and 2 3/8" stroke
used on_the Caterpiliar engines Mo and.

The starter pinion and clutch
engaging lever is moved to the right for brake
and pinion engagement and then to the left to
engage the clutch., A %ear is
used on the diesel enfind'flyﬁheel with the
gasoline starting engine.

e w rn b ATt e d b

':3 A, bevel ring
| > B, spiral ring
'Lf C. helical ring

1y

Ok, Coolant is circulated through ihe starting
cugine from the diesel engine, A recoil

starter and magneto are positioned at the front
end of the engine. A(n)
may be used in place of the recoil starter,

: -
| ’530 A, impulse type starter
| e B. electrical starting motor

15 ¢,

cartridge type starter

t
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No, inlet air for the diesel engine is pre-
heated by the starting engine exhaust line
which runs through the inlet manifold of the
diesel and warms the intake air. It would he
a little impractical to use the diesel engine
inlet manifold for the siarting engine ex-
haust system, as dirt and carbon deposits
would enter the diesel engine to cause
damage.

Preos A /0O

’/

No; one of the above is correct: a bellows
is incorporated in the center of the exhaust
tube assembly to permit expansion. Each end
of the tube is sealed with a bushing and re-
tainers to minimize the possibility of
starting engine exhaust gases, dust or dirt
entering the diesel engine through the inlet
i manifold.

Press \ (& , 1

/3

No, a helical ring gear is used on diesel
engines that have gasoline engines for
starting, instead of the electrical starter.

Press A /44

/5

E No; uot an impulse or cartridge type sturter,

but an elegtrical starting wotor may be used

instead.

Press A itﬂ

s
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With the recoil starter removed, you can
the crankshaft drive gear. The teeth on
the outer circumference of this gear are for
the electric starter. The bolt in the center
of the gear accomodates the recoil starter
latches, When the recoil starter cable is
pulled out, latches in the sheaves of the
gtarter engage the bolt and rotate the crank-
shaft. When the engine starts or the cable
is released,; the latches disengage and the
cable automatically rewinds,

Press A (7

SN/ ALAAPALANRBRER R ORRRROREN

Ok.
see

|

.
ORI NNR R RN RNNNNNNNNRRNRNRRRRRRRRRNY,

£

No, the magneto is driven off the end of the
camghuft at one-half engine speed. Since the
camghaft turns at one half crankshaft speed
and the engine is a four cycle, the magneto
would have to turn at ome-half crankshaft
(engine) speed.

I'ress A ,q

20

No, the cumshaft is driven through a link-
type chain, The smaller geur mentioned in
the previous frame is the oil pump drive
voar; it will be covered in more detail later
in the film,

Pross A 2 / ' I

p A

You have missed one or more questions in this
group and should have the opportunity to go
buck for a review. Read the questions care= !

fully and take your time in selecting an
answer,

. AW i;agn
FILM NO. 15/15%2
[7

The magneto is driven off the end of the
—fl)  at (2) engine speed,

f? A, (1) camshaff |
1€ B. (1) crankshaft
| /irc. - (1) timing gear

(2) one-half
(2) same speed as
(2) one-halfr

122 002
OK. On the back of the crankshaft drive gear.

is a smaller gear and a sprocket. The sproclket
drives the camshaft through a

|
|

' 2C A, timing gear arrangement
; 2/ B. 1link-type chain

20 C. neither of the above are correct

'
K
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2/
With the cuarburetor removed, you can sec the
location of the wovernor sgring. To the left
of the spring is the adjusting screw and lock-
nut, To the right, the 'spring is attuched to
a_lever which i8 holted to the governor fork
ghuft. If the engine is to be com letely
disussembled, be sure to identify the goverior
spring because .

 A. it 18 a small calibruted spring and
may he easily lost.

' 7:’3 B. there is another spring in the clutch
and pinion control which looks very
mgq%_like the governor spring,

[ The correct answer must he selected hefore
i moving to the next frame.

23
overnor congists of u sgroeket or

carrier, four bulls which are positioned in

slots of this currier, and a saucer shaped
retainer, As the engine #speed increases, these
bulls move outward in the slots due to :

OK. The

24 A, increused uir pressure developed in
. the crankcase of the ongine

‘ :!‘{ B. decreased vacuum in the inlet manifold

257C. centrifugal force that counteracts
governor spring tension

&
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. : : OK. The starting engine oil pump is a two P
. . 29 ' section gear-type pump with a ball and spring
i No, the governor is a centrifugal type. ' Y relief valve. The relief valve is not adjust-
Speed tends to increase centrifugal force, C able (unless the spring is changed). Unlike
vhich reacts to limit throttle travel in turn i the oider type, the vertical starting engine

controlling the engine speed. ' | drawe .ts oil from

2 & A, its own crankcase
2—7 B. the diesel engine crankcase

i P
' ] Press A 2 O
| : 24 C. the fuel and lubricating oil are
|
|
|

mixed and a crankcase is unnecessary

LLLLETEY YT YSVYR eIV L T T ] cnnsns sess [TTT] ssenss SEEAEEENNNNNEENNNNEEEEEENNNNEEN NS NNNNENENNENRREEnanetdnsandantnnne
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‘- OK. Since both the étarting engine and the .

diesel cngine use a common pum (one crank-
case) for lubricating oil, \gha ’prevents the’

] Mo, the vertical starting engine draws its oil , diesel engine from gumping oil into the
i from the diesel engine crankcase. When the HE starting engine during the time both the
1 starting engine is ogerating, one section of startinrg engine and diesel engine are running?
! the oil pump draws oil from the diesel engine | -
crankcase through one of the external lines. *a 25 A, The starting engine runs with higher
‘, T)iu]a gtllertﬁect%ontgf the oil plinilp scavenges ; 2T oil pressure.
01 irom the starting engine oil pump and re- E B. There is no direct connection bet
turns it to the diesel engine crankcase : ’ ' , ] etween
through an exterior tube (line), Pressure oil 29 the two, except drain back oil.
is then supplied to the timin{g chain compart- %~ C, There is a check valve that prevents
' ment, to the camshaft, crankshaft, and to the oil

from being Fumped. into the starting
1

starting pinion and clutch compartment, engine when both are runnine.

2 Press A ‘2.7 o ‘ Ut

LLLLTTYTET T sssses [T11] (11 ses sssssssssnennssstfecnasntsnnnnssncnnnssantsnsannsnnnsnnnsentnstsnnndsstnnss ----.--' (1] [IT]] '

‘ 23 | _, 2y

Mo, when the diesel engine is running and the (o i
Stariing engine iols to%)pe (11'1 pressure"oil fiae OK. The valves are contained in the cylinder

( the diesel engine pump will open a check valve head and they ure the __ (1) __ type and are b
‘ and supply oil throughout the starting engine sround at a angle "
lubrication system. When the starting engine . — '
is runnin%.roil from the diesel engine pump
e

cannot en the starting engine, 0il 3 \ 0
. pressure from the startiﬁg e%gine pumpi plus 31 4. (1) overhead (2) 45 degree
8

ressure from the check valve sprin X1 P
cillclons T i e i el e, G ety 5 20 e
ope r (o) e n e 8 engine i ) e
F{unp fsr oi? pumped into the start%ng gngine f 1 - O. (1) rotary (2) 60 degree
),i' the diesel engine to drain back to the ' :
“diesel engine crankcase. |
‘ N
! ) \ & 2 : 3
{ I'ross A q
; [ITTY T ET]] [LITTTIT) lllllluu'ulnunnllllu-- [1T] ‘ ll:l [1IT] S00000000000000000000000000000000n0sanRnsS sessss .nul
. - ‘ ,
i Ze | 3/

} : OK, What type connecting rod bearings ure ‘ g
| No; overhead valves ure used, the valves along i used in the starting engine? | *
J with the rocker arm agsemblies are contained i
: within the cylinder head. The cylinder head 3 2324, Steel backed aluminum bearings,
. can he removed with the starting engine in - 228 ét .
: 5 eel backed bha ;
! pluce when 1t becomes necessary to service il - backed babbit bearings :
: the valves. Forty-five degree angle valves 11 Jzc. 138%3285 of the above answers is ;:

ure used, 1
‘Press A 3/ P
2 ‘

N st B 5 DL 4TSI




¥ - -
R .

Iy
IR S on

Rl 2

{

. DIDACTOR  mee wos

oy e fadkaiidied

No, steel backed aluminum bearings are used in
the connecting rods. They can be serviced
.« through the bottom of the cylinder block.
Bearings in standard and .020" under size are -
available. Several engine manufacturers are
using aluminum bearings with success in recent.
years, -

- ————— st

N

Press A 3 3

[LALIAL LI LL T V29 -

3¢
No; overrunning clutch ard starter pinion drive
gear prevent the starting engine from being
driven at a dangerously high speed from the
diesel engine flywheel when the diesel engine
starts. If the ratio between the starting
engine drive pinion and the diesel engine fly-
wheel ring gear were reversed (about 20 to 1)
without any means of overrunning or discon-
necting them, the starting engine would be

- turned so fast it would fly apart from
13 centrifugal force.

N

ress A 3,_‘)/

ve
(ITITIT1]

e [JIT 1) Nassnens [ITITIT]
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Valve arrangement -- The intake and exhaust
valves in an engine can be arranged in various
positions in the cylinder head or block. These
arrangements_are termed "L", TN, N upd WRW
fhat type valve arrangement does the verticil
starting engine described previously in this
unit employ ‘

3% .. , called valve-in-head.
27 1. ", called valve-in-block.

37c.

heau'i

lll"

a combination, one valve in the
and the other in the hlock.

¢
LELLIRTITI I I T ] ) sessss seee
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Ok, Cause of knocking. During the normal
. hurning of fuel in the combustion space, the
spark at the spark plug starts the burning
‘ process, A wall of flame spreuads out in all
directions from the spark., The speed with
which the flane travels is called

29 A the rate of ignition

%9 s.
Y0 c.

the rate of combustion
the. rate of flame propagation 2

1

. OK. The'brake, starter pinion_and clutch, are

SEBEEBNIASUOENNNNONNENNNNNNNNNNNNNS

)
+

e, BEB
FILM NO. %1378
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controlled by one single hand lever. - As the
lever is moved to the right, the clutch is
disengaged and the brake is applied. Con-
tinued movement .to the right engages the
starter pinion with the diesel engine flywheel.
The lever is then moved all the way back to the
left for clutch engagement, What prevents the
sta;tin% engine from being driven by the diesel
engine fiywheel when the ‘diesel engine starts?

2 A,
2/ B

'350:

Bendix drive gear
Starting idler gear

Overrunnirg clutch and starter
pinion drive gear

OK. ' )

Tue overruning clutch is positioned between
the starter pinion shaft and the hub of the
drive It prevents overspeeding of the
starter engine by the diesel engine while the
starter pinion is disengaging. It allows the
starter Binion to break away more quicklg from
the flywheel ring gear. long as the drive
gear and pinion shaft are turning at the_same
sgeed.the clutch is locked or engaged. If the
starter pinion shaft is turned by the diesel
engine faster. than the drive gear, the clutch
will unlock. The pinion shaft w1il then turn
or speed free and independent of its drive

gear.
¢

gear,

i

[ 1

Press A

37

b

No, the vertical starting engine described :
carlier in this unit is of the "I" type or 1
overhead valve type. The older type starting :
engine used the "L" valve in block arrange-

ment. The "T" and "F" types are rarely used.

l’réss Az f

1T o TR - — -

¢

awmeses GO0 NN RNNRINNRUNRSRENNETENSSEnEnTTNTEtEnNEeaENYeNE e

29
No, & wall of flame spreads out in all
direc?ions from a spark created by the sgark
plug (almost like a rubber ballon being blown
up). _The speed with which the flame travels
ig called the "rate of flame progugution"
defined in Wehster as the rate of speed that
light or flame travels through spuce,

If the flame travels too rapidly throu%h the .
%ae air mixture (rate of flame progufa ion is ®
0o high), the cylinder pressure will increase

too rapidly, The effect will be knockins.

Press A H O
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OK. If the flame travels to rapidly through ;

the gas/air mixture (rate of flame propagation
is too high), the pressure will increase too
rapidly. The rapid pressure increase and the
excessive pressure reached cause the last of

the charge to with hammerlike
suddeness,

! L(( A. ignite o
: !
Y ZB. detonate or explode |

4t c.

propagate |

.----v---c.\lupuwll-u [ L]

g
10/12766
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No, detonate or explode is the correct answer
for the preceeding: question. Detonation or
exploding of the fuel/air mixture is con-
spicuous by.the sound of knocking.

Press A ¢ 2

N

{2~

Ok, The effect of detonation is almost the

game as_1if the piston head had been struck a

heavK blow with a hammer. In fact, it sounds

S though this had happened, The suddel shock

load due to detonation of the last part of the
fuel/alr charge increases wear on bearings and ,
miy actually if {

the knocking 18 severe enough.

L(j; A, cause the engine to overheat
‘/E;!L cunse the engine to lose power
L/l./ . break engine parts

e

bt

OK,  Now, let's see why the last of the Charge
detonates, The rapid pressure increases and
the excessive pressure reached raises the
tnm?eruture of the unhurned part of the air/
fuel charge, This is due to heat of com-
iresgion. The high pressure reached, and the
1igh temperatures resulting from the
consequent heat of compression cause

the last of the charge to explode

ignition timine to bhe advanced
utomatically

K=-us ,
(The correct unswer must be selected before
advancing to the next frame).

ON, -~ To sum np, the knocking process is as
follows: the spurk occurs, and combustion
dturts,  The charge begins to burn goo rapidly
(rate of flame propugation too high .
Pressures ¢o up exccsslvel¥. and this produces
cxcessive hoat of compression in the remaining
mnbhurned charee. Then, hefore the flame wall
d charge, it is set off

f“" reach this unburne
Yy

47 A, high compression pressure |
Y% B. tie heat of compression l
4,77(h the heat of ignition ‘

assssavee sasans ansgge osans lllllll.ll...‘.a

=]

! No, the sudden shock load due to detonation

of the last part of the fuel/air mixture
increases wear on bearings and may actuwlly

break engine parts if the knocking is severe
enough.

Press A ¢t

s

You have missed one or more questions in this
section and should go back for a review.

Read the questions carefully and take your
time in selecting an answer,

Press A 2;

Y7

No, the correct answer is heat of compression,
The process just described in the preceeding
frame is often referred to us pre-ignition
knocking, Pre-ignition knocking is more
pronounced in high compreassion engines using
inferior (cheap) fuel, and should he dig-
couraged, since progressive damage may be

done to the engine,

Press A 4?
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150 4, (1) 'explode suddenly
§q93 (1) knock

4#9c.
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OK. As the compression ratios of engines have
goné up, so also has the tendency of engines’
to knock, Thus, high-compression engines have
a greater tendency to knock, However special
fuels hayve been developed for use with high-
compression engines, iese fuels have a
greater resistance to being set off suddenly
ﬁy heat of compression. They are less apt to
1) and theg depend for their
ignition upon the (2) traveling
through the air fu€l mixture,

(2) wall of flame
(2) proper ignition
“timing

Neither "A" or "B" is correct. 3
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Ok, Many mechanical factors in an engine
affect knocking, For example, higher air.
temperatures ﬁigher lmmld.n;i'l,l higher altitudes,
cugine duposits, all affect knocking tendencies
of an engine, Advancin§ the spark and leaning
the carburetor mixture Increase the tendency
of an eungine to knock. All the above
mentioned factors point up the need for

in modern engines.,

L1

S/ s,
52

using the proper grade of fucl

efficient operation
(never overloading ete.) -

good maintenance
3 .

52

Ko Most cranking motoré used on Caterpillar
diesel engines are not cranking motors hut

52,
53

54,

starting motors
starting engines

gusoline driven sturting
engines

s
ssnges (LT

o oo

§ 1
10/15366
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No; the fuels mentioned in the previous frame
have a greater resistance to being set off
sdddenly_by heat of compression. They are
less apt to explode suddenly and they depend.
for their ignition upon the wall of flame
traveling through the air-fuel mixture.

Press A J:’CD
3
t
j X .
- A — . R
5/
? No; with the advancements made in eugines in
i recent years, the ongines are tmore critical
to the proper maintenance. And any unusual
. sounds should be investigated as soon as
. poseible, along with using the proper grade
. of fuel and operating the engine at the most
efficient speed and load,
rress A 4 2- | -
-
£3

No, the starting of most large Cut >pillar
dicsel engines is accomplished by u gusoline
driven gtarting engine, Cranking motors ave
used on some lurue diesel cngines, they are
gpecially desigued heavy duty electric motors
made for the specific purpose of cranking
internal combustion engines at speods
sufficient to permit their sturting.

press A S Y ?

0Ok,

\i overruning clatch of some type must bhe
provided in the starting motor or starting
ongine, to prevent damage from gverspeed.ing1

hy the diescl engine flywheel ring gear. There
arce three types r1n01pallr uged on Caterpillar
diesel engines, he{ are the Dyer Drive, the
Sprag Overrunning Clutch Drive and the Bendix
Friction Clutch Drive. The drive units are
used on hoth the electrical starting motors

and on the gasoline starting engines.

Press A “b.

i

"2 e Bt i

B SV

i

0
56 a.

"~
o/

57..
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The Bendix Drive Assembly is used on air
starting systems, as well as gasoline and
electrical starters. It accomplishes the same
egd on either, in providing an automatic means

taking up the shock of the starter
torque when it engages with the.
flywheel

engaging and disengaging the drive
pinion with the engine ?lywheel
ring gear o

Both "A" and "B" are correct,

B.

1
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'OK. When the starter, (whether it be gasoline,
air, or electrical) is not operating, the

Yes, both "A" and "B" are correct; the Bendix 1 pinion gear is____ ' .
drive assembly accomplishes both. '

e ra——— oo
-

! . . '
S / A, demeshed from the engine flywheel
ring gear

SZ.B. entra,%ed. with the engine flywheel
- ! but the drive gear is overunning
Press A S 7 .

i | { «.{gC. turning inside the pinion gear but
iy not ergaged with the engine flywheel
{ ring gear

wy

e

g ' : — 3
5E 57 f
Ok. When a starter is actuatedi and the drive ‘ '

)

No, when the starter is not operating, the ; inion is engaged with the flywheel ring gear

i

. i
, 'l-llvl.l.l-l’m?j.ll.ll.I‘lll.lll‘-.l L] see ssoue l-.nn.l-qhoo-llll-'lloo-luu--l-loulol-l-Iloloo-llloo-ololI-o--oo-llo--lolloooo-olu-lnnnnnililioni-nolnolonlol---lly...}
|

pinion gear is demeshed from the engine fly- : he drive spring was oompressed to take up the
wheel ring gear. \s soon as the starter is Shock of engagement, After the engine has
actuated, the rotor or armature hegins to ; started, the flywheel spins the drive pinion
rotate, picking ug sgeed. The shaft assembly . m??f r?pidly than the rotor shaft assembly,
picks up speed with the rotor since it is with the result that

hrjven thraigh the drive spring. However, the :

drive pinion, being a loose fit on the shaft, 4O A the drive pinion load is reduced

lugus w1t¥1n t%? plrlgg, 1?rg1¥g thelplq%?n , and it spins free

cndwise along the shaft and into mesh with . Ce .

the flywheel ring gear. As the drive pinion é: / B. tllel dr?%’? It)‘lmlglll 1l= b‘lu.k@dwohl.t“ qt
reaches the pinion stop on the end of the mesh with the flywheel ring gear
shalt, it can move out no further and it "; £ . the drive pinion continues to turn,
must rotate with the shaft assembly; so the but in the opposite direction

ongine is cranked.

Pross \ _5

Ok,  What prevents the pinion from drifting |
into mesh when the engine is running? E

()}
19

No; as has bheon mentioned before, after the

engine has started, the flywheel spins the (2 A, The aungle at which the starter is

drive pinion more rapidly than the rotor mounted.

shaft assembly is turning, with the result &2B. e friction of the pinion gear on

that the drive pinion is backed out of mesh the drive shaft,

with the flywheel riug gear. éj C. A small anti-drift spring hetween the
. .~ drive pinion and the pinion stop.

Press A (p /

A\ |
A |

Sessasssesnonnas ssssuuney 8NN Ie NI INE NN NN s I AN NNENNNENNNNNENEsNNNNNNnensonsssttsdannonstennnnns suus (I11} ELTTTT] sssug [TTYT]

L2 | €3

Spark-ignited en%iues require a sonrce of s
: electricity, thal can he interrupted to pro- 1
i duce "sparks" at proper times, to ignite air- .
¢ fuel mixtures in the engine cylinders. . :

'

Voo the correct answer is: a small anti-
dritt spring between the drive pinion and the

e —————— - = et +
(3
o

- N oot b R Pt A magneto is a alternating
pinion stop prevents tpc pinion f?om drifting current. generator that Can prodiuce the c!ectr?v 1
into mesh when the engine is running. o gource (and interrupt it at the proper time) ' 3

necessary for spark-ignited engines.
! b¢/ A. self rectified

' é_)’B. self contained

é 17/ C. externally rectified

Press A C.:S

(© |

4




L

DACTOR mem s

'»m—-—.

(- R ETI

o] No; the magneto is a self contained élter- .
nating generator that does not depend on
outside electrical power.

- Press A(p{

e s St B b b o At eai 4618 e e e - -

gl RN

- ———"e £,

o R

- primary. coil with relatively few windings, when

‘K.

One of the basic oomponents of a nagnéto
is the TRANSFORMER, It has a heavy wire '
comp'tred with the number of fine windings in

the coil that is wound around
the prima.ry coil in the same direotion.

é‘ A. 1gnition
‘ 4 B. ~ condenser
- (7 C. secondary

» ‘3!!’".'..";.”;"

wibe

sennsssemainp syt

bl

No; the transformer has a heavy wire primary
coil with relatively few windings when com-
pared with the number of fine windings in the
secondary coil that is wound around the primary
in the same direction.

-Press A "7

or .
(TTTILIT] sEEEsassEsEEianElnelas [ 1]

xs

No, the contact breaker is actuated by the
cam on the rotor shaft. Each of the basic
components will be explained in more detail
later 1n the unit,

L e .
(LTI )]

97]

OK. Another component of the magneto is the
CONTACT BREAKER (which contains the contact
points) is actuated by on:
the rotor shatt., '

7 4

" the cam

63

. .
[P SR

6 7 B. magneto action '

6{0. “the rotor .o '

67

OK. Besides the transformer, contact breaker,
rotor, and condenser, there is a DISTRIBUTOR
that is driven by the rotor shaft, and all
components are in a housing that fma a re-
movable cap. ‘ .

One end of the primary wire is vrounded on the
transformer core, the other end of the primary
coil wire is _joined by one end of the secondary
coil wire and is grounded through the .

Press A (.09 20 A. rotor
. ' 2/ B. contact breaker
4 7 ’D C. dis t?ibutor s ‘
L, ' l
[ 1] [1] LLITETTTTTT]] LLLLLTTTET T TT (Y YT
70 7/

No, one end of the primary wire is grounded

+  to the transformer core and the other end of
the primary wire is joined by one of . the

+ - 8econdary coil wire and is grounded through the

contact breaker, The points complete or break

the circuit in the primary winding, to cause

an induced high voltage in the secondary

winding, which is directed to the spark pluge

by the distributor.

OK. When the rotor is turning, the north pole
of the rotor magnet comes under the core of the
transformer and the magnetic flux (lines of
force) takes the easy route from the magnetic
north to the magnetic south by passing through
the of the transformer. :

distributor
magneto ‘
laminated metal core

22 A
7€ B,

72> c.
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No; when -the rotor is turning, the magnetic
flux takes the éasy route from the magnotic -
north to the magnetic south by passing
through the laminated metal core.

TR

 OK. The magnetic flux changes its direction
. through the transformer core with each rotation
of the rotor. Magnetic flux alsc surrounds the
-~ coll wire of the transformer and creates
electricity in the wires.. ‘With no inter-
ruptions, the electricity would build up
positive and diminish to mothing, change
directions, build up negative and diminish to’
nothing with every revolution of the rotor.
In a generator this is known as alternating
current (AC) cycle.

leess' A ‘7’/

4

Press A 7 3 s '
lllll’ll'%’ ] ] aseust "‘f . llll-l (1]
| vef
In a magneto an interruption. in the cycle

occurs when the rotor has
former to a Hosition where )
voltage build-up is high, t this instant, the
cam opens the contact breaker and interrupts
the cycle causing a sudden collapse of the
magnetic field inducing a_high voltage in the
secondary windings. e low voltage 1is
magnified by the vast number of fine wires in
the secondary coil; the voltage in the
secondary coil win&ing is now thousands of
times greater than at the instant the contact
breaker opened.

turned in the trans-
Krimary coil

Press A 77 ,'-»/

7 ‘:‘;-— f

The instant high vcltage builds up in the
secondary coil, the distributor. is in a position
wvhere the contact completes an electrical
circuit (through a brush in the distributor:

cap and through a lead wire) to the '

' in the cylinder head.

7 b A. secondary system

76

No; the high voltage flows from the secondary
coil winding to the spark plug in the cylinder
head. The high voltage now discharges (sparks)
across the gap of the spark plug electrodes,
completing the ignition to that cylinder,

|

. ' ‘ |
Press A / 7 |
|

77 B. spark plug
7{’ C. primary system"
4 -~
OK. The function of the condenser is to
7& A. store electrical energy for the -
next cycle :
7{ B. discharge the energy that is built §
up when the points are open 1
7 ? C. prevent damaging arcs from jumging 1
' across the contact breaker as 1t
) opens.
4 :

7’5
No; the function of the condenser is to
prevent the contact points from arcing when
they open. The condenser collects the rush of
electrical energy that would normally discharge
across the contact as it opens. When the
contact breaker opens wider, the electrical
energy absorbed by the condenser discharges
back into the primary coil winding, thus
adding to the voltage build-up in the
gecondary coil winding.

Pressn A | 77

[XTTL] LLLICEIIETY T T LI

)
77
OK. Both the primary and secondary coil wires 3
of the transformer are wound in the same o g
direction. One .end of each coil is . joined and 3
grounded through the contact breaker. The .8
primary coil becomes additional wire in the 3
secondary noil when the coiidct breaker opens.

In this way, a little more boost in voltage is . 8
picked up in the secondary coil as the :
magnetic flux . ¥
~— A. builds up
%! B. collapses

XC -
(The correct answer must be sel

?cted. before
you can move to the next frame). :

Bl S BRI
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‘You have missed one or more points in the -
section just covered and should go back for

i AM 1-2

‘.r. o . 1-
~FILM N0, 1533

A

OK. When
the spark

the rpm of the magneto increase,
at the spark plug electrodes

|

T ettt mrmesartemmae®

a review, Read the questions carefully and ¢
take your time in selecting an answer. S -
' £2 A, decreases
-i;ﬁg B. intensifies
Press A b &2 C. remains the same
P sess o Dt ",E";
g2 | g3
OK. Some magnetos have impulse couplings on
the drive end, to increase the rotor rpm *

No, the spark at the spark plug intensifies
as the rpm increases. Some magnetos have
impulse couplings on the drive end to in-
crease rotor rpm momentarily when the engine
is being cranked, The impulse coupling
contributes to easy starting., The trip arm
(that actuates the impulse) will disengage
when the engine starts,

Press A 23 :

momentarily when the engine is being cranked.:
The impulse coupling contributes to easK
starting, The trip arm that actuates the im-
pulse will disengage when the engine starts.

When the high voltage discharge can find an
easier route to Eround, a path to_ground
usually is established and it is likely that
the spark will continue to take this new route
to ground, In this event, what happens to the
spark at the spark plugs?

| €5 A, The sgark.intensity is reduced a like
' amount,
. ZﬁfB. The spark plug misfires.

gl/C. Both "A" and "B" are correct.

_____ - C/.._..

No; the high voltage discharge from the magneto
can find an easier route to ground. A path to
ground usually is established and it is likely
that the spark will continue to take this new
route to ground. In this event, the spark plugs
will be affected. The spark intensity will be
reduced an amount equal to the ground.,

‘Press A 8.)/

Ok. The contact assembly gaB is the only

ad justment in the magneto. One part of the
assembly is a fiber pivot block (sometimes
called rubbing block) and the other part is
an adjustable contact. When the magneto is
opera ing, high Portio s of the rotor cam
(high point of the cam) rub against the fiber
block., When the fiber wears, the contact gap
becomes less and it is necessary to

gé A. replace the contact assembly
& é B. replace the fiber pivot block
87 C. adjust the gap

Note: when the magneto switch is off, the
magneto is grounded and cannot produce sparks.

|
|
!
|

No, as the fiber pivot block wears it be-
comes8 necessary to adjust the contact point
gap. If the contact assembly becomes burned

and pitted, it is necessary to replace the
assembly,

Press A 8 7

sasm [TTITT] [1T1] sssssgens.

)

i : i?" ;;7}

0K, A spark plug must operate in combustion
temperatures as high as 1) degrees F,
at 1000 to 2000 sparks per minute, and must
withstand pressure as high as _(2) pounds
per square inch.

"4 A (1) 5,000 (2) 1,000
478, (1) 1,000 to 2,000  (2) 600
%7c. () 4,000 (2) 800




.
-

No; a spark plug must operate in combustion
temperatures as -high as 4,000 degrees F, and
withstand pressure as high as 800 pounds per "
square inch, ' '

Press A g 7

57

.0K. The correct spaé@n% of the sg@rk
.important because it infl e

- gaps is extremely i

- .A.r,; X ' . C ‘ﬁuu %_2§D e
rewo. S

EZA
lug is '
uences the entire .

range of engine -performance: starting idlin§, -
power and speed. Uniformity of all spark plug

ortant to_smooth engine
operation. -Always check the g;ug,ga on new
gpark Y!ugs against specifications, before
installing them, -

On_used. spark plugs, the electrodes should be

filed flat because current is emitted from a

sharp corner much more easily than from a blunt

or rounded surface. If this maintenance is

neglec_te%fl up to 30%2 more voltage is required. -
the

to fire spark plug.
4 : A
Press A 7’(3 : : 4,
.----._-.-'-mm-n...-- aensad e sssess (1] [T11] . 11 “..‘:‘.a
¢
For proper spark plug selection, use the |
specifications, and cross-reference if
necessary. Torque the plugs to specifications
to insure proper hecat, transfer, and use a
thread lubricant.
Congratulations you have completed Unit f
AM 1-27D & AM 1-28D. '
. 4 ‘ . ]
Please Press Rewind. - 3
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- INSTRUCTOQR'S GUIDE

' Title: I - CATERPILLAR STARTING (FONEY) ENGINE AM 1-27
(PART I) 9/23/66
Jl_- LEARNING ABOUT BRAKES (PART II D

OBJECTIVES:

l. To introduce to the student a new concept in engines, the gasoline
engine that CAT uses to start the main engine.

2. To give the student some theory behind why the gasoline engine
operates as it does.

LEARNING AIDS suggested:

VU-CELLS: AM 1-27(1) (Clutch and starter pinion assembly
positions)
AM 1-27(2) (Applying the brake)
AM 1-27(3) (In brake position)
AM 1-27§4) Release yoke position)
AM 1-27 5§ Starter pinions)
AM 1-27(6) (Clutch cover plate)
; AM 1-27 7; Pressure plate)
AM 1-27(8) (Overrunning clutch-1)
] AM 1-27(9) iOverrunning clutch-2)
N AM 1-27(10) (Sprags-1)
AM 1-27(11) (Sprags-2)
AM 1-27(12) (Flame movement)

MODELS: Any cutaways, component parts, or assemblies
of the poney engine that can be brought into class
conveniently will be most helpful for explanation
and demonstration purposes.

FILMSTRIPS: Note to instructor: The following filmstrips are
available by request through your local Caterpillar
E distributor. Be sure to allow ample time for the

- request to be filled.

| | | Audio Film No. 339B, Vertical Starting Engine -
. Caterpillar Tractor Co., Peoria, Ill.

'QUESTIONS FOR DISCUSSION AND GROUP PARTICIPATION:

- L. What type of ignition system does the CAT starting engine have ?
o 2. Is the CAT starting engine self-contained ? Explain. |




Instructor's Guide for AM 1-27
Page Two

QUESTIONS FOR. DISCUSSION AND GROUP PARTICIPATION: (cont'd)

3. How does the starting engine promote easy starting of the main
engine in cold weather ?

4. Could this engine easily be adapted for another use other than a :
starting engine? Why not. i

5. How is the magneto driven on this engine ? Q

6. What prevents the starting engine from flying apart a;fter the
diesel engine starts ?

7. In what part of this starting engine are the "sprags' located ?
What is their purpose ?

8. What can happen if severe knocking occurs in a gasoline engine ?

9. What does the compression ratio have to do with engine knocking
tendencies ?

10. Why does the disk brake have more friction area than the drum
brake? Explain.

1. Explain how an electric retarding braking system operates.




